
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0  3 2 0   0 4 9  

A 1  
©  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.  Ci*  C08G  67/02  ,  C09J  3/16  , 
C08J   5 / 1 2  

©  Application  number:  88202748.5 

©  Date  of  filing:  30.11.88 

©  Applicant:  SHELL  INTERNATIONALE 
RESEARCH  MAATSCHAPPIJ  B.V. 
Carel  van  Bylandtlaan  30 
NL-2596  HR  Den  Haag(NL) 

@  Inventor:  Kinneberg,  Peter  Andrew 
5354  Pine  Cliff  Drive 
Houston  Texas  77084(US) 
Inventor:  Armer,  Thomas  Alex 
56  Nourse 
Westboro  Massachusetts  01581  (US) 
Inventor:  Van  Breen,  Adriaan  Wouter 
Badhuisweg  3 
NL-1031  CM  Amsterdam(NL) 
Inventor:  Barton,  Roger  Edgar  Charles 
Badhuisweg  3 
NL-1031  CM  Amsterdam(NL) 
Inventor:  Klei,  Ebel 
Badhuisweg  3 
NL-1031  CM  Amsterdam(NL) 

©  Representative:  Aalbers,  Onno  et  al 
P.O.  Box  302 
NL-2501  CH  The  Hague(NL) 

Priority:  04.12.87  US  128952 
04.12.87  US  128972 
04.12.87  GB  8728396 

Date  of  publication  of  application: 
14.06.89  Bulletin  89/24 

Designated  Contracting  States: 
AT  BE  CH  DE  ES  FR  GB  GR  IT  LI  NL  SE 

©  Improved  structural  adhesives. 

©  Improved  structural  adhesive  obtainable  by  a  process  which  comprises  subjecting  a  linear  alternating 

^   polymer  of  carbon  monoxide  and  at  least  one  ethylenically  unsaturated  compound  to  a  heat-treatment  for  a 
^period  sufficient  to  effect  cross-linking  in  the  amorphous  phase  of  the  polymer.  Process  for  its  preparation  by 

converting  a  thermoplastic  material  in  a  thermosetting  material,  and  laminates  prepared  with  the  improved 
2   structural  adhesive. 
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IMPROVED  STRUCTURAL  ADHESIVES 

The  present  invention  relates  to  an  improved  structural  adhesive,  in  particular  an  adhesive  made  from  a 
polymeric  material  having  thermosetting  properties,  at  least  in  part.  It  also  relates  to  a  process  for  at  least 
partially  converting  a  thermoplastic  material  into  such  a  thermosetting  material,  and  to  laminates  bonded 

5  together  with  such  an  adhesive. 
The  general  class  of  polymers  of  carbon  monoxide  and  one  or  more  ethylenically  unsaturated 

compounds  has  been  known  for  some  years. 
More  recently,  the  class  of  linear  alternating  polymers  of  carbon  monoxide  and  unsaturated  compounds, 

now  known  as  polyketones,  has  become  of  greater  interest,  in  part  because  of  improved  methods  of 
w  production.  Such  methods  are  shown  by  European  Patent  Applications  181,014  and  121,965.  The  disclosed 

processes  employ,  inter  alia,  a  compound  of  a  Group  VIII  metal  such  as  palladium,  an  anion  of  a  non- 
hydrohalogenic  acid  having  a  pKa  below  2  and  a  bidentate  ligand  of  phosphorus.  The  resulting  polymers 
are  generally  high  molecular  weight  thermoplastic  polymers  having  utility  in  the  production  of  articles  such 
as  containers  for  food  and  drink  and  parts  for  the  automotive  industry  or  structural  members  for  use  in  the 

75  construction  industry. 
Since  the  relevant  polymers  are  thermoplastic  they  can  be  transformed  into  the  desired  articles  of 

manufacture  by  processing  in  the  thermoplastified  or  molten  condition,  e.g.  by  techniques  such  as  injection- 
moulding,  compression-moulding,  extrusion,  melt-spinning,  coextrusion  to  form  laminates,  and  the  like.  For 
some  applications,  however,  thermoplastic  materials  do  not  present  the  necessary  mechanical  rigidity, 

so  evidenced  e.g.  by  creep  behaviour. 
It  is  generally  known  to  improve  certain  physical  and/or  mechanical  properties  of  many  thermoplastic 

polymers,  such  as  polyethylene,  polypropylene,  polystyrene,  polyamides,  polyaramides,  polysulphones, 
polycarbonates  or  polyphenylene  ethers,  by  subjecting  finished  articles  of  manufacture  to  a  short  heat- 
treatment  at  temperatures  around  the  crystalline  melting  point  of  the  thermoplastic  polymers,  such  heat- 

25  treatment  being  referred  to  herein  as  "annealing". 
In  commercial  practice  annealing  is  mainly  employed  to  achieve  improved  stress/strain  relaxation  in  the 

finished  article  of  manufacture. 
Unexpectedly,  the  Applicants  have  found  that  when  subjecting  the  relevant  alternating  olefinic 

compound/carbon  monoxide  polymers  which  are  presently  not  available  on  the  market,  to  a  certain  heat- 
30  treatment  as  defined  hereinabove,  this  results  in  a  modification  of  the  relevant  polymers  which  is  completely 

different  from  that  envisaged  in  annealing  any  of  the  other  thermoplastic  polymers  listed  hereinabove.  The 
afore-said  unexpected  modification  is  very  much  of  a  chemical  nature  and  related  to  the  development  of 
thermosetting  properties  and  creates  adhesive  properties  too.  The  precise  reason  why  thermosetting  and 
adhesive  properties  are  created  is  not  known  but  is  believed  to  be  associated  with  the  development  of  a 

35  certain  degree  of  cross-linking  occurring  by  reaction  of  different  molecular  polymer  chains,  thus  creating  a 
three-dimensional  network  of  interconnected  polymer  chains.  This  cross-linking  is  believed  to  occur 
exclusively  in  the  amorphous  phase  of  the  alternating  copolymer,  thus  leaving  the  crystalline  phase  of  the 
copolymer  untouched,  provided  the  temperature  of  the  heat-treatment  is  kept  below  the  crystalline  melting 
point  of  the  polymer.  When  the  heat-treatment  takes  place  at  higher  temperatures,  some  cross-linking  will 

40  also  occur  in  the  crystalline  phase. 
Adhesives  based  on  polyketone  polymers  are  disclosed  for  example,  in  U.S.  Patent  No.  3,808,288.  This 

patent  discloses  a  tape-backing  comprising  a  mixture  of  an  epihalohydrin  polymer  and  a  polyketone. 
However,  the  word  "polyketone"  is  used  there  to  denote  a  completely  different  class  of  polymers,  namely 
the  polycondensation  products  of  ketones  such  as  acetone  or  acetophenone,  which  are  more  properly 

45  called  polyacetals  or  polyethers.  Moreover,  this  particular  adhesive  is  stiff,  it  lacks  certain  desirable  qualities 
for  structural  adhesives,  such  as  abrasive  resistance.  This  particular  adhesive,  as  well  as  other  types  of 
solvent  resistant  adhesives  are  prone  to  thermal  degradation  and  plasticizer  extraction  by  various  oils, 
hydrocarbons  and  fuels.  Improved  structural  adhesives  have  been  needed  in  the  car  manufacture  industry. 

It  has  now  been  found  that  stiff  structural  adhesives  having  excellent  solvent  resistance  and  physical 
so  properties  such  as  resistance  to  thermal  degradation  and  plasticizer  extraction  can  be  prepared  from 

polyketones  which  have  been  subjected  to  a  heat-treatment  as  discussed  herebefore. 
Accordingly,  the  invention  relates  to  an  improved  structural  adhesive,  characterised  in  that  it  is 

obtainable  by  a  process  which  comprises  subjecting  a  linear  alternating  polymer  of  carbon  monoxide  and  at 
least  one  ethylenically  unsaturated  compound  to  a  heat-treatment  for  a  period  sufficient  to  effect  cross- 
linking  in  the  amorphous  phase  of  the  polymer. 
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Preferred  polyketone  polymers  are  copolymers  of  carbon  monoxide  and  an  olefin,  e.g.  ethylene  or 
terpolymers  of  carbon  monoxide,  ethylene  and  a  second  aliphatic  olefin  of  3  or  more  carbon  atoms, 
particularly  propylene. 

Of  particular  interest  are  those  polymers  of  molecular  weight  from  about  1,000  to  about  200,000, 
s  particularly  those  of  molecular  weight  from  10,000  to  50,000,  and  containing  substantially  equimolar 

quantities  of  carbon  monoxide  and  ethylenically  unsaturated  compound. 
Molecular  weights  for  these  polymers  are  determined  by  conventional  NMR  testing  methods. 
Useful  polyketones  have  limiting  viscosity  numbers  (LVN)  as  measured  by  the  method  wherein  the 

polymer  is  dissolved  in  metacresol  at  60°  C,  using  a  standard  capillary  viscosity  measuring  device  (such  as 
w  a  Cannon-Ubbelohde  viscometer)  in  the  range  of  0.5  to  10  LVN  and  more  preferably  0.8  to  4  LVN  and  most 

preferably  0.8  to  2.5  LVN.  Polyketone  polymers  usable  for  adhesive  preparation  have  preferred  melting 
points  of  1  96-225  *C  though  polymers  with  melting  points  ranging  from  about  180  to  about  280  C  may  be 
usable,  whereas  the  polymers  usable  for  the  preparation  of  thermosetting  materials  preferably  have  melting 
points  in  the  range  of  230-280  *  C. 

75  Within  the  scope  of  the  present  invention,  polyketone  polymers  having  tensile  break  of  about  65  MPa, 
elongation  at  break  of  about  25%,  a  Youngs  modulus  of  about  2200  MPa,  and  a  1%  SEC  modulus  of  about 
1550  MPa,  are  preferred. 

In  the  process  whereby  the  present  material  is  obtainable  (it  is  not  excluded  that  the  same  or 
substantially  the  same  structural  material  may  be  obtained  otherwise)  the  heat-treatment  should  be  effected 

20  at  such  a  temperature/time  combination  that  cross-linking  occurs  in  the  amorphous  phase,  whereas  it  may 
occur  also  in  the  crystalline  phase  (though  this  is  not  preferred). 

Suitable  materials  are  obtainable  by  a  process  wherein  the  heat-treatment  is  carried  out  at  a  tempera- 
ture  above  the  crystalline  melting  point  T,  in  particular  up  to  120  *  C  above  T  in  view  of  the  risk  of  thermal 
degradation,  for  a  period  sufficient  to  effect  substantial  melting,  to  render  it  suitable  for  use  as  a  hot-melt 

25  adhesive.  The  duration  of  the  heating  may  be  from  one  second,  or  less,  to  a  few  minutes,  preferably  from  5 
to  1  20  seconds. 

On  the  other  hand,  it  is  preferred  to  avoid  melting  of  the  polyketone  polymer,  in  order  to  maintain  its 
crystallinity  as  much  as  possible.  According  to  an  embodiment  of  the  present  invention  discussed 
herebefore,  the  heat-treatment  may  advantageously  be  effected  at  a  temperature  below  the  crystalline 

30  melting  point,  so  that  cross-linking  will  occur  without  significantly  destroying  the  crystallinity  of  the  material. 
This  appears  to  make  the  thermoplastic  material  at  least  partially  thermosetting. 

Thus  the  present  invention  also  relates  to  a  process  for  at  least  partially  converting  a  thermoplastic 
polymer  material  into  a  thermosetting  material,  characterized  in  that  an  article  of  manufacture  that  has  been 
produced  by  processing  a  linear  alternating  polymer  of  carbon  monoxide  and  at  least  one  ethylenically 

35  unsaturated  compound  in  the  molten  or  thermoplastified  condition,  is  subjected  to  a  heat-treatment  at  a 
temperature  in  the  range  of  (T-75)  to  (T-5)  *  C,  for  a  period  sufficient  to  increase  the  gel  content  of  the 
polymer  to  a  value  between  15  and  98  %w,  without  substantially  modifying  the  crystallinity  of  the  product. 
The  invention  also  relates  to  the  adhesive  obtainable  by  such  a  process. 

The  prime  yard-stick  to  be  handled  in  this  invention  for  monitoring  the  development  and  further 
40  increase  of  thermosetting  characteristics  is  the  growth  of  the  gel-content  of  the  alternating  olefinic 

compound  carbon  monoxide  polymer.  This  gel-content  is  determined  by  the  weight  percentage  polymer 
that  is  insoluble  in  m-cresol  at  100  'C.  The  second  yard-stick  to  be  observed  is  that  the  heat-treatment 
should  effect  substantially  no  modification  of  the  crystallinity  of  the  alternating  copolymer.  The  term 
"substantially  no"  is  used  to  comprise  a  tolerance  of  ±  10%  of  the  original  value  (before  heat-treating)  of  the 

45  crystallinity  of  the  alternating  copolymer,  expressed  as  the  Hf  value,  measured  in  units  of  kJ.kg"1  and 
determined  by  DSC  analysis. 

The  beneficial  effects  of  the  present  embodiment  of  this  invention  are  already  obtained  when  increasing 
the  gel-content  to  a  value  of  at  least  1  5%  and  this  limiting  value  is  set  to  define  the  minimum  requirement 
in  the  heat-treatment  of  this  invention. 

so  From  the  above  information  it  will  be  clear  that  the  problem  underlying  this  invention  can  be  considered 
to  relate  to  the  finding  of  a  useful  method  for  creating  thermosetting  properties  in  thermoplastic  polymers. 

Heating  periods  and  heating  temperatures  to  be  observed  in  the  process  of  this  invention  are 
interdependent  in  the  sense  that  shorter  periods  can  be  employed  at  higher  temperatures.  The  minimum 
heat  treating  temperature  is  75  'C  below  the  crystalline  melting  point  of  the  copolymer.  The  maximum  heat 

55  treating  temperature  is  5  *  C  below  the  crystalline  melting  point.  Increase  of  gel  content  to  values  above  98 
%w  is  to  be  avoided  because  of  the  development  of  too  much  thermosetting  character  in  the  polymer.  The 
crystallinity  of  the  alternating  polymer  remains  substantially  unmodified.  In  this  sense  the  preferred  heat- 
treatment  of  this  invention  is  essentially  different  from  a  post-heating  of  articles  of  manufacture  which  is 
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effected  at  the  very  melting  point  of  thermoplastics  or  at  even  higher  temperatures.  Such  a  heat-treatment 
would  not.  only  effect  cross-linking  in  the  amorphous  phase  of  the  copolymer,  but  also  in  the  crystalline 
phase. 

Preferably  the  gel  content  is  increased  to  at  least  30%wt  and  to  at  most  85  %w,  and  the  invention  also 
5  relates  to  an  adhesive  material  which  is  obtainable  by  such  a  process. 

Beneficial  physical,  mechanical  and  chemical  properties  that  are  improved  together  with  the  increase  in 
gel  content  are  giass-transition  temperature  (Tg  ),  creep,  and  solvent  resistance.  Again,  this  heat-treatment 
below  T,  in  creating  thermosetting  character,  opens  the  way  towards  useful  hot-melt  adhesives,  particularly 
structural  hot-melt  adhesives. 

10  Accordingly,  the  present  invention  is  also  embodied  in  this  use  of  the  novel  materials,  that  is  in  a 
process  for  bonding  together  two  pieces  of  solid  material  by  applying  an  amount  of  adhesive  between  them 
and  pressing  together,  characterized  in  that  as  adhesive  is  used  the  polymeric  material  obtainable  by  the 
process  described  hereinbefore,  wherein  the  heat-treatment  is  carried  out  at  a  temperature  below  or  above 
the  crystalline  melting  point  (T)  of  the  polymer  for  a  period  sufficient  to  effect  cross-linking  in  the 

75  amorphous  phase  of  the  system.  With  advantage,  an  adhesive  is  used  prepared  by  a  heat-treatment  at  (T- 
75)  to  (T-5)  '  C. 

This  heat-treatment  may  also  be  carried  out,  or  finished,  after  pressing  together  the  pieces  of  solid 
material  that  are  to  be  bonded.  This  amounts  to  in-situ  curing,  and  provides  high-strength  adhesive  bonds. 
Thus  the  invention  is  embodied  with  advantage  in  a  process  for  bonding  which  includes  as  a  first  step  the 

20  process  for  bonding  described  above,  and  where  in  a  second  step  the  bonded  materials  are  subjected  to  a 
heat-treatment  as  defined  above,  carried  out  at  (T-75)  to  (T-5). 

This  principle  opens  the  way  for  making  parts  or  structural  elements  for  the  aerospace  industries,  e.g. 
helicopter  blades  may  be  made  from  aluminium  sheeting  that  is  strengthened  by  adhering  a  titanium  layer 
onto  it,  when  using  as  adhesive  a  polymer  having  an  increased  gel  content  obtainable  in  accordance  with 

25  this  invention.  This  application  includes  first  applying  the  copolymer  as  a  hot-melt  adhesive  and  then 
subjecting  the  polymer  to  the  heat  treatment  of  this  invention.  Similarly,  car  body  panels,  e.g.  doors,  can  be 
made  by  joining  an  inner  structural  element  to  an  outer  element,  using  a  heat-treated  polymer  of  this 
invention  as  adhesive.  The  hot  melt  application  of  the  polymer  for  that  application  does  not  strictly  have  to 
be  in  the  form  of  a  continuous  layer.  Small  amounts  of  polymer  may  be  melt-deposited  on  various  positions 

30  of  the  structural  elements  (spot-adhering),  the  elements  are  then  pressed  together  and  the  assembly  is 
heated,  e.g.  by  passing  through  an  infrared  oven  to  implement  the  heat-treatment  of  this  invention. 

Other  suitable  applications  of  the  novel  products  of  this  invention  are  in  the  fields  of  fibre  reinforced 
composites,  film  or  sheet  materials,  injection  mouldings,  blow-moulded  containers,  e.g.  for  organic  solvents, 
reinforcing  fibres,  extruded  piping,  profiles  and  the  like. 

35  In  particular  the  invention  thus  also  concerns  an  article  of  manufacture,  in  particular  a  laminate,  made  of 
two  or  more  (pieces  of)  structural  material(s)  bonded  together  with  an  adhesive,  characterized  in  that  an 
adhesive  according  to  the  invention  is  used.  The  article  of  manufacture,  i.e.  in  particular  the  laminate,  is 
preferably  obtainable  by  a  process  which  comprises  the  steps  of  bonding  together  with  a  hot-melt  adhesive 
prepared  by  heat-treating  according  to  the  invention  at  a  temperature  above  T,  and  heat-treating  the  bonded 

40  article  according  to  the  invention  at  a  temperature  5  to  75  '  C  below  T.  The  bonded  structural  materials  are 
very  suitably  selected  from  polymers  and/or  metals,  especially  cold  rolled  steel,  resin  coated  steel,  mild 
steel,  titanium  and  aluminium. 

Additional  components  may  optionally  be  added  to  the  polyketone  formulation  to  enhance  the  prop- 
erties  or  reduce  the  cost.  Metal  scavengers,  like  gamma  alumina  can  be  added  to  enhance  thermal  stability. 

45  It  is  also  contemplated  that  additional  hardeners,  fillers,  extenders,  fortifiers,  carriers,  and  preservatives  of 
the  type  known  to  the  art  can  be  added  to  the  novel  engineering  material. 

The  invention  is  now  illustrated  by  the  following  examples. 

so  EXAMPLE  1  -  Adhesive  tests 

The  polyketone  powder  was  first  dried  in  a  vacuum  oven  at  about  1  21  *  C  with  a  slight  nitrogen  purge, 
for  about  six  hours,  then  placed  in  a  desiccator.  The  powder  was  then  placed  in  an  Internal  Brabender 
Mixer,  which  had  been  preheated  to  about  272°  C.  The  polyketone  powder  was  added  quickly,  at  about  30 

55  rpm,  taking  about  four  minutes.  Once  the  powder  was  in  the  mixer,  the  speed  was  increased  to  about  100 
rpm.  After  about  3  minutes,  the  sample  was  removed  from  the  mixer  and  placed  in  a  water  bath.  Optionally, 
during  the  100  rpm  mixing  phase,  additional  components,  such  as  5%  gamma-alumina,  were  added  to 
enhance  the  thermal  stability  of  the  resultant  adhesive. 
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After  mixing  was  complete,  the  adhesive  was  placed  in  a  vacuum  oven  at  68  C  with  a  slight  nitrogen 
purge  for  several  hours. 

Compression  moulding  of  the  resulting  sample  was  carried  out  at  288  °C  to  form  plaques  of  the 
structural  adhesive. 

5  The  tables  that  follow  detail  the  tensile  strength,  elongation,  modulus,  according  to  ASTM  test 
procedures  D638  part  35. 

Experiment  1 

One  kilogram  of  a  linear  copolymer  of  ethylene  and  carbon  monoxide  which  was  essentially  a  blend  of 
a  polyketone  with  a  molecular  weight  of  12,000  and  a  polyketone  with  a  molecular  weight  of  6500,  resulting 
in  a  polymer  with  an  average  molecular  weight  of  about  10,000  as  measured  by  NMR  testing,  and  a 
crystalline  melting  point  of  185°  C,  was  compressed,  heated  at  288°  C  and  moulded  into  0.89  mm  thin 
plaques.  The  plaques  were  sliced  into  13  mm  wide  strips  and  placed  between  two  identical  metal 
substrates  of  cold  roll  steel.  These  specimens  were  heated  in  a  compression  moulder  at  various  compres- 
sion  pressures.  Platen  temperature  was  fixed  at  288°  C  for  all  moulded  samples.  Typical  moulding 
conditions  were  30  second  preheat  at  atmospheric  pressure  followed  by  a  30  second  interval  at  207  MPa. 

Cooling  times  on  the  strips  were  2  minutes. 
The  resulting  laminar  structure  contained  an  adhesive  layer  about  0.05  mm  in  thickness  as  specified  in 

the  Table.  This  thickness  can  be  varied  depending  on  the  amount  of  pressure  applied  to  the  sample. 
A  lap  shear  test  was  then  performed  on  these  laminar  structures  using  ASTM  Test  Method  D638.  The 

results  appear  in  Table  1  ,  whose  values  are  based  on  three  repeated  experiments. 

10 

15 

20 

25 
Experiment  2 

Experiment  1  was  repeated,  but  now  the  cold  rolled  steel  was  pretreated  with  a  commercially  available 
resin,  based  on  zinc  phosphate,  which  is  known  to  improve  bonding.  After  this  pre-treatment  the  coated 

30  steel  was  washed  with  toluene  and  acetone.  The  adhesive  layer  had  a  thickness  of  0.13  mm.  ■ 

Experiments  3  and  4 

35  Experiment  1  was  repeated,  using  as  substrate  aluminium  and  sendblasted  mild  steel,  respectively. 
Adhesive  layer  thickness,  pre-treatments  and  lap  shear  test  results  are  listed  in  Table  1  . 

TABLE  1 

ROOM  TEMPERATURE  LAP  SHEAR  STRENGTHS 

EXPERIMENT  1  2  3  4 

ADHERENT  COLD  ROLL  COLD  ROLL  MILD  ALUMINIUM-ALUMINIUM 
STEEL-COLD  ROLL  STEEL-COLD  ROLL  STEEL-MILD 

STEEL  STEEL  STEEL 

Pre-treatment  Toluene/Acetone  zinc  phosphate  resin  No.  1  White  Toluene/Acetone  Wash 
Wash  coat,  followed  by  Sand  Blast 

Toluene/Acetone  0.013  mm 
wash  Deep  Texture 

Glue  Layer  0.051  0.13  0.635  inch  0.0635 
(mm) 
Lap  Shear*  9.046  16.272  7.308  4.378 
(MPa) 
Failure  Mode  Adhesive  Adhesive  Adhesive  Adhesive 
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*  Pulled  at  1  .27  mm/min 
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A  polyketone  adhesive  of  the  present  invention  can  be  compared  to  cross-linkable  hot  melt  epoxies 
using  a  room  temperature  cure  to  a  substrate  like  cold  roll  steel,  wherein  the  polyketone  based  adhesive  lap 
shear  approaches  the  epoxy  adhesive  lap  shear  of  over  15  MPa  when  the  substrate  of  cold  roll  steel  has 
been  pretreated  with  a  toluene  wash. 

The  excessively  thick  adhesive  layers  used  in  the  aluminium/aluminium  and  the  mild  steel/mild  steel 
samples  promoted  torque  forces  to  act  on  the  specimens  during  tensile  testing.  It  is  expected  that  thinner 
adhesive  layers  (0.125-0.250  mm)  with  these  two  samples  would  reduce  the  torque,  and  should  result  in 
significantly  higher  lap  shear  strength  values. 

10 
EXAMPLE  2  -  Thermosetting  test 

An  alternating  copolymer  of  ethylene  and  carbon  monoxide  having  an  LVN  of  1.10  dl.g"1,  a  crystalline 
meiting  point  of  253  'C  and  a  gel  content  of  0.1  %wt  was  heated  at  a  temperature  of  240  'C  during  6, 
respectively  10  and  15  minutes.  Gei  content  of  the  heated  samples  was  determined  by  the  method  set  out 
hereinbefore.  Determination  of  the  crystallinity  of  the  copolymer  (Hf  value)  before  and  after  the  heat- 
treatment  showed  a  relative  modification  of  less  than  10%. 

TABLE  2 

75 

20 

Heating,  gel, 
min  %w 

0  <0.1 
6  12 

10  60 
15  90 

25 

30 

Claims 

1.  Improved  structural  adhesive,  characterised  in  that  it  is  obtainable  by  a  process  which  comprises 
subjecting  a  linear  alternating  polymer  of  carbon  monoxide  and  at  least  one  ethylenically  unsaturated 
compound  to  a  heat-treatment  for  a  period  sufficient  to  effect  cross-linking  in  the  amorphous  phase  of  the 
polymer. 

2.  An  adhesive  as  claimed  in  claim  1  ,  characterised  in  that  in  the  process  whereby  it  is  obtainable  the 
heat-treatment  is  carried  out  at  a  temperature  in  the  range  of  75-5  '  C  below  the  crystalline  melting  point 
(T),  for  a  period  sufficient  to  increase  the  gel  content  of  the  polymer  to  a  value  between  15  and  98  %w, 
without  substantially  modifying  the  crystailinity  of  the  product. 

3.  An  adhesive  as  claimed  in  claim  2,  characterised  in  that  in  the  process  whereby  it  is  obtainable  the 
gei  content  of  the  polymer  is  increased  to  a  value  between  30  and  85  %w. 

4.  A  process  for  at  least  partially  converting  a  thermoplastic  polymer  material  into  a  thermosetting 
material,  characterised  in  that  an  article  of  manufacture  that  has  been  produced  by  processing  a  linear 
alternating  polymer  of  carbon  monoxide  and  at  least  one  ethylenically  unsaturated  compound  in  the  molten 
or  thermoplastified  condition,  is  subjected  to  a  heat-treatment  at  a  temperature  in  the  range  of  (T-75)  to  (T- 
5)  *C,  for  a  period  sufficient  to  increase  the  gel  content  of  the  polymer  to  a  value  between  15  and  98  %w, 
without  substantially  modifying  the  crystallinity  of  the  product. 

5.  Laminate  made  of  two  or  more  structural  materials  bonded  together  with  an  adhesive,  characterised 
in  that  an  adhesive  as  defined  in  claim  1  is  used. 

6.  A  laminate  as  claimed  in  claim  5,  characterised  in  that  the  bonded  structural  materials  are  polymers 
and/or  metals,  especially  cold  rolled  steel,  resin  coated  steel,  miid  steel,  titanium  and  aluminium. 
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